Chemical Engineering 374

Fluid Mechanics

Computational Fluid Dynamics
(CFD)
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Spiritual Thought 2

“When He answers yes, it Is to give us
confidence.

When He answers no, It IS to prevent error.

When he withholds an answer, it is to have
us grow through faith in Him, obedience to
His commandments, and a willingness to act
on truth.”

Elder Richard G. Scott
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ABET 4

* Please fill out the survey

* Located at:
https://goo.gl/forms/3S09A5SRWyYNLLRATX
1

« 24 to last quiz (due Friday) will be asking
whether or not you filled out ABET
guestionnaire

 Please also fill out student evaluations for
. course and instructor!!!
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Fluid statics (no flow)

Basic flows: Bernoulli Equation

Integral Balances: Control volume - mass, momentum, energy
Differential Balances - momentum and mass (Navier Stokes)

All of this was for

— Simple configurations that we could directly solve analytically

— 0-D, or1-D

— Steady State

— Incompressible
2D or 3D flow in complex geometry, or turbulent, or compressible,
are too complex for analytic solution

— = Solve with computers

Big Subject - give a basic introduction
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Key Aspects 7

Governing equations

Mathmatical
description

Grid generation
Numerical algorithm
Turbulence modeling

Convergence
Stabllity
Verification
Validation



Software

www.ansys.com/ ?

e Commercial

— Ansys Fluent
— CD-Adapco—Star CD

. ree
— OpenFOAM
— Free CFD

* In-house codes
— (everyone’s got one)

« Many others
— www.cfd-online.com
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OpenVFOAM

Home | Features

OpenFOAM v2.0.0

Download OpenFOAM

Official Documentation

OpenFOAM Training

Saftware Support

Development Suppart

Report a Bug

on Amazo

Run an SGIE C;
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wew.openfoam com
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@ www.cd-adapco.com/products/star_cd/index.html

STAR-CD

Home | About | Products | Industries | Suppor

Welcome Guest Loain | Reaister | Contact Us

| Services | News | Training | Events | Downloads

With an ever-increasing emphasis on emissions and energy sustainability - from legislators and consumers alike — challenges for Powe
grow, Whether it's a new fuel, new combustion model or a new lightweight material, realistic simulation is an integral tool in successfully
technologies to market. As the long-time leading provider of CFD technology to the automotive industry, with over two decades of intake
know-how, CD-adapca is fully dedicated to helping our customers to meet these challenges.

Together, es-ice and STAR-CD have become the solution of choice for automotive engineers engaged in Internal Combustion Engine d
STAR-CD and es-ice is used by more than 60 engine manufacturers and service providers.

The open source CFD toolbox

Documentation Support Training Resources News

OpenFOAM®: open source CFD
OpenCFD Ltd. acquired by 5GI

Today we are excited 1o share reat news about OpenCFD and our OpanFOAM praduct that
e 8XPOCH10 bANANtall of our CUSIIMENS and e entite CpenFOAM COMMunily: we have
agreed o ihe acquisilion of OpenCFD Lid. by SG1. There are key aspecis of he agreement
At give Us The CONBIENCE Ml his WaS M NiGht MavE Ior OUr CusIOMErs and for DRERFOAM,
ot the least of which is SGIs commitment to conlinue the develapment of OpenFOAM under
the GNU ¢ Licence to be released free and open source by the newly formed
Gpenk

Fol

The entire CpenCFD team has joined SGI as full-time employees. As part of SGI we will now
have the opportunity Io take OpenFOAM o the next level. We are laoking forward io canfinue
our successiul relabonship wilh everyone in he OpenFOAM commurity and make it easier for
anyone and all companies 1o solve iheir CFD challenges with OpenFOAM

For more details, please see ihe announcer
For frequenty asked quesbons, se

OpenCFD Lid
151 August 2011

OpenFOAM Foundation

ICE Simulation

Spray Valve

&

V6 Muli-Cylinder

SC 1-Fresh

sgi

simulating combustion, multiphase sprays and liguid films,

“How oplions addod for me.

in haat ransa o1 807
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561 acquirss OpanCFD Lid.
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Nuts and Bolts
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* Most of CFD bolls down to the foIIowina

« Create a spatial grid for the solution
— Finite difference - grid of points
— Finite volume - grid of connected O-D control
volumes
« Here we will focus on finite difference

— Approximate the derivatives using the grid
points.
« 1 PDE - many coupled ODE's, one for each point.
« Solve the system of ODE’s at each grid point.



Example 1

« Unsteady, fully developed, laminar duct flow, 1-D

¥ Start with Navier-Stokes equations — X momentum
o

(i i) 2 hoflend
*ku uo’u 10P é%- A/
d

t pody? pox

— Then make a grid of pomts across D of duct

« And recognize that — ;E IS a constant %‘
S {Y = D/(N-1)
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Numerical Derivative
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Numerical Equation

o Ju_potu 10P Ou _ &(ui+1—2ut+ui—1 ) _1op
ot po0y2  pox ot p Ay?
— Works only for interior nodes
« Why?
— For edge nodes, need BC
—u; =0
—uy=0
* This transforms PDE (difficult to solve)
— N-2 ODFE’s
— coupled

p 0x



Solve ODE'’s

« Can use any ODE solver
— Example using explicit Euler
du urtr-ut
-—=fw) > ———=fW")
> u™l =y + At - f(uM)

n+1 n

— Thus:

_ yntl = ym + At K [(ui+1—2ui+ui—1 ) _1@] At
pAy? Ay? p 0x

« Solve in excel or python
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2D Problem

* Very similar to 1D, but have more derivatives
« Grid:
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Summary

« 1D laminar, unsteady, pipe flow:

Jou _u 0’u  10P
ot p oy%2  pox

» Grid of points across pipe diameter
« Approximated 2"d derivative numerically:

2
. (6 u) ~ Ui+1—2Ui+Uj—4
ox2/; Ax?

. % . E(ui+1—2ui+ui_1) laP
it  p Ax? p 0x
e BC’s: U1 = O,UN =0
G PDE N-2 ODE’s (coupled)

[ BYU):

“. e Solve



